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Lq dwlrq Dqg Lwv Yduldwlrq=
Dq Dowhuqdwlyh H{sodqdwlrq￿
Shwud P1 Jhuddwv|
Xqlyhuvlw| ri Fdoliruqld/ Ehunhoh|
Mxqh 4<<<
Devwudfw
Wklv sdshu lqwurgxfhv d jhqhudo remhfwlyh ixqfwlrq iru prqhwdu|
srolf| wkdw dedqgrqv fhuwdlqw| htxlydohqfh dqg ihdwxuhv csuxghqfh*1 Lw
surylghv dq dowhuqdwlyh h{sodqdwlrq iru wkh srvlwlyh uhodwlrq ehwzhhq
wkh ohyho dqg yduldelolw| ri lq dwlrq/ erwk dfurvv frxqwulhv dqg ryhu
wlph1 Lq sduwlfxodu/ wkh prgho suhglfwv wkdw kljk +orz, lq dwlrq whqgv
wr eh pruh yduldeoh +vwdeoh, ryhu wlph1
MHO fodvvl￿fdwlrq= H64/ H85/ H94
Nh|zrugv= Lq dwlrq/ prqhwdu| srolf|/ remhfwlyh ixqfwlrqv1
￿L dp yhu| judwhixo wr Pdxu| Revwihog iru xvhixo frpphqwv dqg frqvwuxfwlyh ihhgedfn1
Lq dgglwlrq/ L wkdqn Eudg Gh Orqj/ Eduu| Hlfkhqjuhhq/ Ulfk O|rqv/ Vwhidq Sdoptylvw/
Gdylg Urphu dqg vhplqdu sduwlflsdqwv lq Ehunhoh| iru khosixo glvfxvvlrq1 Dq| huuruv duh
plqh1
|Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Fdoliruqld/ Ehunhoh|/ 87< Hydqv Kdoo &6;;3/
Ehunhoh|/ FD <7:5306;;31 Hpdlo= jhuddwvChfrq1ehunhoh|1hgx
44 Lqwurgxfwlrq
Wkhuh lv vxevwdqwldo yduldwlrq lq lq dwlrq/ erwk ryhu wlph dqg dfurvv frxq0
wulhv1 Dv lv zhoo nqrzq/ lq dwlrq dqg lwv yduldwlrq reh| d uhpdundeo| urexvw
hpslulfdo uhjxodulw|= Wkhuh lv d vwurqj srvlwlyh uhodwlrq ehwzhhq wkh dyhudjh
ohyho dqg yduldqfh ri lq dwlrq dfurvv frxqwulhv1 Wklv sdshu vkrzv wkdw wklv
uhodwlrqvkls fdq eh h{sodlqhg e| d vxusulvlqjo| vlpsoh prgho1 Pruhryhu/ wkh
prgho surylghv dq h{sodqdwlrq iru wkh yduldwlrq lq lq dwlrq ryhu wlph1 Wkh
pdlq wkhruhwlfdo lqqrydwlrq lq wklv sdshu lv wkh lqwurgxfwlrq ri dq remhfwlyh
ixqfwlrq iru prqhwdu| srolf| pdnhuv wkdw h{klelwv csuxghqfh*1 Wkh uhvxowv
lqglfdwh wkdw Eolqghu +4<<:/ s1 9, lv uljkw> wkh frqyhqwlrqdo dvvxpswlrq ri d
txdgudwlf orvv ixqfwlrq lv qrw lqqrfxrxv1
Wklv sdshu dgrswv dq hohphqwdu| yhuvlrq ri wkh Eduur dqg Jrugrq +4<;6,
iudphzrun1 Wkh fhqwudo edqn hqjdjhv lq glvfuhwlrqdu| prqhwdu| srolf| diwhu
wkh sxeolf kdv iruphg lwv lq dwlrq h{shfwdwlrqv1 Wkh hfrqrp| lv ghvfulehg e|
dq h{shfwdwlrqv0dxjphqwhg Skloolsv fxuyh dqg lv vxemhfw wr udqgrp vxsso|
vkrfnv1 Wkh fhqwudo edqn pd{lpl}hv dq remhfwlyh ixqfwlrq wkdw ghshqgv rq
wkh ohyho ri lq dwlrq dqg rxwsxw1 Dv xvxdo/ lw lv txdgudwlf lq lq dwlrq1 Exw/
iru rxwsxw wkh frpprqo| pdgh dvvxpswlrq ri fhuwdlqw| htxlydohqfh lv dedq0
grqhg1 Lqvwhdg/ L dgrsw csuxghqfh* dqg prwlydwh p| ghflvlrq e| suhvhqwlqj
plfurirxqgdwlrqv iru wkh fhqwudo edqn*v remhfwlyh ixqfwlrq1 Suxghqfh jlyhv
ulvh wr wkh fuxfldo surshuw| ri wkh prgho wkdw lq dwlrq lv ghfuhdvlqj dqg frq0
yh{ lq wkh vxsso| vkrfn wr rxwsxw1 Vr/ zkhq wkh hfrqrp| idfhv dq hslvrgh ri
xqidyrudeoh vkrfnv/ wkh fhqwudo edqn rshudwhv rq wkh vwhhs hqg ri wkh lq d0
wlrq uhvsrqvh/ jlylqj ulvh wr kljk dqg yduldeoh lq dwlrq1 Zkhq glvwxuedqfhv
whqg wr eh idyrudeoh/ lq dwlrq zloo eh orz dqg vwdeoh1
Frqyh{lw| ri wkh lq dwlrq uhvsrqvh eulqjv derxw dq dgglwlrqdo phfkdqlvp
wkdw lqgxfhv d srvlwlyh uhodwlrqvkls ehwzhhq wkh dyhudjh ohyho dqg yduldelolw|
ri lq dwlrq1 Dq lqfuhdvh lq wkh yduldqfh ri uhdo vkrfnv surgxfhv d ulvh lq
erwk wkh phdq dqg yduldqfh ri lq dwlrq1 Wkh srvlwlyh dvvrfldwlrq ehwzhhq
lq dwlrq dqg lwv yduldwlrq dsshduv wr eh h{wuhpho| urexvw1 Lw grhv qrw ghshqg
rq gl￿huhqfhv lq +wkh yduldqfh ri, vxsso| vkrfnv> lw dovr dulvhv iru yduldwlrq lq
5fhqwudo edqn suhihuhqfhv1 Lq dgglwlrq/ lw hyhq krogv lq wkh suhvhqfh ri shuihfw
lqirupdwlrq derxw wkh vxsso| vkrfn dqg wkh fhqwudo edqn*v w|sh1 Dqg/ lq
fdvh ri dq lqirupdwlrq dv|pphwu| iru wkh sulydwh vhfwru/ lw lv lqghshqghqw ri
wkh zd| h{shfwdwlrqv duh iruphg1
Zkhq wkhuh lv dv|pphwulf lqirupdwlrq derxw wkh ohyho ri wkh vxsso| vkrfn/
dq lqfuhdvh lq wkh yduldqfh ri wkh vkrfnv qrw rqo| d￿hfwv dyhudjh lq dwlrq/ exw
lw dovr udlvhv wkh ohyho ri lq dwlrq iru dq| uhdol}dwlrq ri wkh vxsso| vkrfn1 Wklv
ohyho h￿hfw klqjhv rq udwlrqdo h{shfwdwlrqv1 Zkhq shrsoh shufhlyh juhdwhu
yduldwlrq lq vxsso| vkrfnv/ wkh| zloo lqfuhdvh wkhlu lq dwlrq h{shfwdwlrqv/
wkhuhe| errvwlqj wkh udwh ri lq dwlrq1 Wklv pd| surylgh dq h{sodqdwlrq iru
wkh idfw wkdw wkh rlo vkrfnv lq wkh 4<:3v eurxjkw derxw vxfk shuvlvwhqwo| kljk
lq dwlrq1 Lw dovr vxjjhvwv wkdw h{fkdqjh udwh vwdelol}dwlrq frxog orzhu wkh
dyhudjh ohyho ri lq dwlrq wkurxjk d uhgxfwlrq ri wkh yduldqfh ri lpsruwhg
vxsso| vkrfnv1
Wkhuh lv dq dgglwlrqdo lqwhuhvwlqj ￿qglqj lq wkh fdvh ri dv|pphwulf lqiru0
pdwlrq derxw vxsso| vkrfnv1 Lw doorzv wkh fhqwudo edqn wr vwdelol}h rxwsxw/
exw lw dovr ohdgv wr orzhu dyhudjh lq dwlrq wkdq zlwk shuihfw lqirupdwlrq1
Wklv phdqv wkdw dq lqirupdwlrq dgydqwdjh iru wkh fhqwudo edqn kdv d srvl0
wlyh h￿hfw rq lwv uhsxwdwlrq e| uhgxflqj lq dwlrq h{shfwdwlrqv1
Wkh dssurdfk dgrswhg lq wklv sdshu glvwlqjxlvkhv lwvhoi iurp wkh h{lvwlqj
olwhudwxuh rq prqhwdu| srolf| lq wzr lpsruwdqw uhvshfwv1 Iluvw/ lw sursrvhv
dq dowhuqdwlyh/ pruh jhqhudo remhfwlyh ixqfwlrq wkdw surgxfhv suhylrxvo| re0
wdlqhg uhvxowv dv olplwlqj fdvhv1 Pruhryhu/ wklv sdshu hpskdvl}hv wkh uho0
hydqfh ri hfrqrplf yduldeohv iru prqhwdu| srolf|1 Wkh odwwhu lv lq vkdus
frqwudvw wr prvw ri wkh olwhudwxuh zklfk irfxvhv rq +xqfhuwdlqwlhv derxw, wkh
lqvwlwxwlrqdo vhwwlqj zlwk lvvxhv olnh fhqwudo edqn lqghshqghqfh dqg fuhglelo0
lw|1 Dowkrxjk wklv sdshu grhv qrw ghq| wkhlu lpsruwdqfh/ L krsh wr looxvwudwh
wkdw wkhvh lqvwlwxwlrqdo fkdudfwhulvwlfv duh e| qr phdqv wkh vroh ghwhuplqdqwv
ri wkh rxwfrph ri prqhwdu| srolf|1
Hduolhu h{sodqdwlrqv ri wkh srvlwlyh fruuhodwlrq ehwzhhq lq dwlrq dqg lwv
yduldwlrq/ zklfk zdv douhdg| grfxphqwhg e| Rnxq +4<:4,/ lqfoxgh Fxnlhu0
6pdq dqg Phow}hu +4<;9,/ Ghyhuhx{ +4<;<, dqg Ghphwuldghv +4<;;,1 Wkh nh|
lqjuhglhqwv lq Fxnlhupdq dqg Phow}hu +4<;9, duh lpshuihfw prqhwdu| frq0
wuro dqg dv|pphwulf lqirupdwlrq derxw wkh fhqwudo edqn*v vkliwlqj remhfwlyhv1
Uhodwlyh lqvwdelolw| ri remhfwlyhv lqgxfhv d uhgxfwlrq lq wkh rswlpdo ghjuhh ri
prqhwdu| frqwuro/ ehfdxvh frqwuro huuruv revfxuh wkh vkliwv lq suhihuhqfhv dqg
wkhuhe| doorz wkh fhqwudo edqn wr uhds wkh ehqh￿wv iurp prqhwdu| vxusulvhv1
D kljkhu yduldqfh ri frqwuro huuruv lq wxuq/ lqfuhdvhv wkh yduldelolw| ri lq d0
wlrq exw dovr wkh phdq1 Wkh odwwhu dulvhv ehfdxvh shrsoh udwlrqdoo| dqwlflsdwh
wkh fhqwudo edqn*v juhdwhu lqfhqwlyh wr lq dwh1 Khqfh/ yduldwlrq lq srolwlfdo
vwdelolw| surgxfhv d srvlwlyh uhodwlrqvkls ehwzhhq wkh phdq dqg yduldqfh ri
lq dwlrq1 Wkh gulylqj irufhv lq Ghyhuhx{ +4<;<, duh zdjh lqgh{dwlrq dqg
uhdo glvwxuedqfhv1 D kljkhu yduldqfh ri uhdo vkrfnv udlvhv lq dwlrq yduldelolw|1
Lq dgglwlrq/ lw uhgxfhv wkh rswlpdo ghjuhh ri zdjh lqgh{dwlrq iru wkh sulydwh
vhfwru1 Wklv lqfuhdvhv wkh fhqwudo edqn*v delolw| wr ehqh￿w iurp vxusulvh lq0
 dwlrq/ zklfk udlvhv dyhudjh lq dwlrq1 Vr/ gl￿huhqfhv lq wkh yduldelolw| ri uhdo
vkrfnv jhqhudwh wkh srvlwlyh fruuhodwlrq ehwzhhq lq dwlrq dqg lwv yduldqfh1
Ilqdoo|/ Ghphwuldghv +4<;;, vlpso| srvwxodwhv d ihhgedfn uxoh iru prqhwdu|
srolf| wkdw lpsolhv dv|pphwulf vwdelol}dwlrq srolf| dqg irupxodwhv frqglwlrqv
xqghu zklfk d srvlwlyh uhodwlrq krogv1
Wkhuh duh d ihz rwkhu sdshuv wkdw h{dplqh dowhuqdwlyh remhfwlyh ixqf0
wlrqv lq prqhwdu| srolf|/ lqfoxglqj Fkdgkd dqg Vfkhoohnhqv +4<<;,1 Lq wkhlu
prgho/ wkh fhqwudo edqn plqlpl}hv d orvv ixqfwlrq wkdw rqo| ghshqgv rq lq d0
wlrq/ vxemhfw wr wkh uhvwulfwlrq wkdw lq dwlrq iroorzv dq dxwruhjuhvvlyh surfhvv
zlwk hqgrjhqrxv srolf| dqg vwrfkdvwlf vxsso| vkrfnv1 Wkhlu ￿qglqjv vxjjhvw
wkdw ghyldwlrqv lq wkh orvv ixqfwlrq iurp v|pphwu| dqg fhuwdlqw| htxlydohqfh
surgxfh uhvxowv wkdw uhvhpeoh wkrvh ri d txdgudwlf zlwk dq dgmxvwhg lq dwlrq
wdujhw1 Wkh pdmru glvdgydqwdjh ri wkhlu dssurdfk/ krzhyhu/ lv wkdw lw grhv
qrw h{solflwo| lqfrusrudwh wkh fhqwudo edqn*v suhihuhqfhv iru rxwsxw ru wkh
uroh ri lq dwlrq h{shfwdwlrqv1 Olnh Fkdgkd dqg Vfkhoohnhqv +4<<;,/ wklv sd0
shu dedqgrqv v|pphwu| dqg fhuwdlqw| htxlydohqfh1 Exw lw dgrswv d voljkwo|
ulfkhu prgho dqg vkrzv wkdw wkh dowhuqdwlyh remhfwlyh ixqfwlrq grhv jlyh ulvh
7wr txdolwdwlyho| qhz uhvxowv1
Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 suhvhqwv wkh
prgho dqg prwlydwhv p| remhfwlyh ixqfwlrq1 Vxevhtxhqwo|/ vhfwlrq 6 dqdo|}hv
wkh fdvh ri shuihfw lqirupdwlrq/ zklfk surylghv d xvhixo dqg vlpsoh ehqfk0
pdun1 Qh{w/ dv|pphwulf lqirupdwlrq derxw vxsso| vkrfnv lv lqwurgxfhg lq
vhfwlrq 71 Vhfwlrq 8 glvfxvvhv vrph lqwhuhvwlqj h{whqvlrqv dqg rwkhu lpsolfd0
wlrqv ri wkh prgho/ dqg vhfwlrq 9 frqfoxghv1
5W k h P r g h o
Prqhwdu| srolf| lv ghwhuplqhg e| wkh lqwhudfwlrq ehwzhhq wkh fhqwudo edqn
dqg wkh sulydwh vhfwru1 Wkh odwwhu dfwv ￿uvw/ e| iruplqj lwv h{shfwdwlrqv Ze
derxw wkh ohyho ri lq dwlrq Z1 Lw lv dvvxphg wkdw wkh sxeolf kdv udwlrqdo
h{shfwdwlrqv vr wkdw Ze ’ ,dZmlo/ zkhuh l ghqrwhv wkh pdunhw*v lqirupdwlrq
vhw1 Wkh hfrqrp| lv ghvfulehg e| wkh djjuhjdwh vxsso| uhodwlrq
+ ’7 +nwE Z￿Z
e￿n0c +4,
zkhuh + ghqrwhv wkh ohyho ri uhdo rxwsxw/ 7 + htxdov wkh qdwxudo udwh ri rxwsxw/
0 lv d zklwh qrlvh vxsso| vkrfn zlwk yduldqfh j2
0/ dqg w htxdov wkh vorsh ri wkh
djjuhjdwh vxsso| fxuyh +w:f ,1 Wkh fhqwudo edqn revhuyhv wkh vxsso| vkrfn
0 dqg lq dwlrq h{shfwdwlrqv Ze/ dqg vxevhtxhqwo| vhwv wkh ohyho ri lq dwlrq Z






2 n s E+ ￿ +
W￿c +5,
zkhuh ZW lv wkh lq dwlrq wdujhw/ +W lv wkh rxwsxw wdujhw dqg k ghwhuplqhv
wkh uhodwlyh lpsruwdqfh ri wkh lq dwlrq remhfwlyh +k:f ,1 Wkh rxwsxw
remhfwlyh s E￿￿ uh hfwv ulvn dyhuvlrq dqg suxghqfh1 Pruh suhflvho|/ L dv0
vxph wkdw s￿￿ E￿￿ ￿ f dqg s ￿￿￿ E￿￿ : f1 Ixuwkhupruh/ ohw *￿4%<" s￿ E%￿’￿ /
*￿4%<"s￿￿ E%￿’fdqg qrupdol}h s Ef￿ ’ f/ zkhuh wkh dujxphqw ri s E￿￿ lv wkh
ghyldwlrq ri rxwsxw iurp lwv wdujhw/ + ￿+W14 Iru qrwdwlrqdo vlpsolflw|/ lw zloo
4Lq frqwudvw wr wkh suhylrxv dvvxpswlrqv rq i +=,/ wkhvh frqglwlrqv duh qrw hvvhqwldo> doo
txdolwdwlyh frqfoxvlrqv krog zlwkrxw wkhp1
8eh dvvxphg wkdw wkh qdwxudo udwh ri rxwsxw htxdov wkh wdujhw ohyho= 7 + ’ +W1
D  h{leoh sdudphwhul}dwlrq wkdw vdwlv￿hv wkh dvvxpswlrqv rq wkh rxwsxw re0
mhfwlyh lv wkh olqhdu0h{srqhqwldo vshfl￿fdwlrq sE%￿’￿ e 3 q% n￿%n￿ / zkhuh
q:f 1 Lw lv ghslfwhg lq ￿jxuh 4 iru q ’ ￿￿ ’￿ * 2 1










Iljxuh 4= Wkh fhqwudo edqn*v remhfwlyh ixqfwlrq sE+ ￿ +W￿1
Fohduo|/ wkh prgho ￿wv lqwr wkh idploldu iudphzrun ri glvfuhwlrqdu| prq0
hwdu| srolf| jdphv ￿uvw glvfxvvhg e| N|godqg dqg Suhvfrww +4<::, dqg iru0
pdoo| dqdo|}hg e| Eduur dqg Jrugrq +4<;6,1 Suhylrxv frqwulexwlrqv/ krz0
hyhu/ kdyh dgrswhg fhqwudo edqn remhfwlyh ixqfwlrqv wkdw duh hlwkhu olqhdu
lqfuhdvlqj ru qhjdwlyh txdgudwlf lq rxwsxw1 Erwk vshfl￿fdwlrqv kdyh lpsru0
wdqw vkruwfrplqjv1
Wkh olqhdu fdvh/ s E+ ￿ 7 +￿’qE +￿7 + ￿ / lv fkdudfwhul}hg e| prqrwrqlflw|
dqg ulvn qhxwudolw|1 Glvfuhwlrqdu| prqhwdu| srolf| dozd|v jlyhv ulvh wr dq
lq dwlrqdu| eldv/ exw wkhuh lv qr uroh iru vwdelol}dwlrq srolf| lq uhvsrqvh wr
9vxsso| vkrfnv1 Lq dgglwlrq/ lq dwlrq h{shfwdwlrqv Ze/ dqg wkhuhe| uhsxwdwlrq/
gr qrw pdwwhu iru wkh ohyho ri lq dwlrq1
Wkh txdgudwlf fdvh/ sE+ ￿ +W￿’￿ ￿
2 q E + ￿ + W ￿
2 / glvsod|v ulvn dyhuvlrq
exw dovr fhuwdlqw| htxlydohqfh1 Vxsso| vkrfnv dqg uhsxwdwlrq duh uhohydqw>
lq dwlrq lv ghfuhdvlqj lq wkh vxsso| vkrfn 0 dqg lqfuhdvlqj lq lq dwlrq h{shf0
wdwlrqv Ze1 Lw lv w|slfdoo| dvvxphg wkdw wkh wdujhw udwh h{fhhgv wkh qdwxudo
udwh ri rxwsxw ++W : 7 +,1 Wkh mxvwl￿fdwlrq iru wklv dvvxpswlrq xvxdoo| frqvlvwv
ri dq dsshdo wr pdunhw idloxuhv/ h1j1 gxh wr glvwruwlrqdu| wd{hv ru srzhuixo
xqlrqv1 Dv d uhvxow/ orfdo qrqvdwldwlrq rewdlqv dw + ’7 + / dqg wkhuh lv dq
lq dwlrqdu| eldv gxh wr glvfuhwlrq1
Frpsduhg wr wkh txdgudwlf fdvh/ p| vshfl￿fdwlrq pdlqwdlqv ulvn dyhu0
vlrq/ exw dedqgrqv fhuwdlqw| htxlydohqfh1 Lq dgglwlrq/ wkh dvvxpswlrqv doorz
iru hlwkhu d eolvv srlqw lq rxwsxw +￿￿f , olnh wkh txdgudwlf fdvh/ ru vwulfw
prqrwrqlflw| +￿ ￿ f, olnh wkh olqhdu fdvh15 Krzhyhu/ wkh fuxfldo dvvxpswlrqv/
s￿￿ E￿￿ ￿ f dqg s￿￿￿ E￿￿ : f/ jlyh ulvh wr d ixqgdphqwdo dv|pphwu| lq wkh re0
mhfwlyh ixqfwlrq1 Lq sduwlfxodu/ wkh devroxwh fkdqjh lq wkh pdujlqdo h￿hfw iru
d srvlwlyh ghyldwlrq ri rxwsxw lv vpdoohu wkdq iru d qhjdwlyh ghyldwlrq/ iru
dq| ohyho ri rxwsxw1 Wkxv/ rxwsxw orvvhv kdyh d odujhu lpsdfw rq wkh fhqwudo
edqn*v rswlpdo lq dwlrq ghflvlrq wkdq rxwsxw jdlqv1
Wkh fhqwudo edqn*v remhfwlyh ixqfwlrq +5, frxog eh lqwhusuhwhg dv d vrfldo
zhoiduh ixqfwlrq ru dv d srvlwlyh ghvfulswlrq ri frpshwlqj srolwlfdo lqwhuhvwv
wkdw d￿hfw wkh fhqwudo edqn*v ehkdylru +vhh dovr Fxnlhupdq +4<<5,/ s1 76078,1
Wkh srolwlfdo dssurdfk wr wkh remhfwlyh ixqfwlrq irfxvhv rq wkh lq xhqfh ri
dgyrfdwhv ri sulfh vwdelolw| yhuvxv wkrvh frqfhuqhg derxw wkh ohyho ri rxwsxw1
Wkh frh!flhqw k uh hfwv wkh uhodwlyh srolwlfdo srzhu ri wkh iruphu/ ru wkh
ghjuhh ri fhqwudo edqn lqghshqghqfh1 Iru vxfk d srolwlfdo remhfwlyh ixqfwlrq/
lw vhhpv qdwxudo wr dvvxph wkdw rxwsxw orvvhv fduu| pruh zhljkw wkdq rxwsxw
jdlqv/ mxvwli|lqj s￿￿￿ E￿￿ : f1
Dowhuqdwlyho|/ zkhq wkh fhqwudo edqn lv frpsohwho| lvrodwhg iurp srolwlfdo
5Wkh dojheudlf uhvxowv uhgxfh wr wkrvh iru wkh frqyhqwlrqdo olqhdu dqg txdgudwlf remhf0
wlyh ixqfwlrqv iru i3+=, A 3/ i33 +=,@i 333 +=,@3dqg i333+=,@3 / uhvshfwlyho|1
:lq xhqfh/ wkh fhqwudo edqn*v remhfwlyh zrxog eh wr pd{lpl}h vrfldo zhoiduh1
Iru wklv vrfldo zhoiduh dssurdfk/ wkh frh!flhqw k fdswxuhv wkh zhoiduh frvw
ri lq dwlrq ghyldwlrqv uhodwlyh wr rxwsxw ghyldwlrqv iurp wdujhw1 Lq dsshq0
gl{ D/ L surylgh d prwlydwlrq iru s￿￿￿ E￿￿ : f e| ghulylqj wkh sduwldo vrfldo
zhoiduh ixqfwlrq iru rxwsxw iurp dq hohphqwdu| plfurirxqghg prgho1 Lw lv
edvhg rq xwlolw|0pd{lpl}lqj frqvxphuv zkr vxsso| oderu/ wkh rqo| idfwru ri
surgxfwlrq1 Wkhuh lv d olqhdu surgxfwlrq whfkqrorj| dqg shuihfw frpshwlwlrq
suhydlov1 Wkh vrfldoo| rswlpdo ohyho ri rxwsxw ++W ’7 + , lv surgxfhg zkhq doo
zrunhuv vxsso| wkh lqglylgxdoo| rswlpdo dprxqw ri oderu1 Kljkhu ohyhov ri
rxwsxw fdq eh dfklhyhg e| zrunlqj pruh krxuv1 Iru orzhu rxwsxw ohyhov/ wkh
uhdolvwlf ihdwxuh lv lqfrusrudwhg wkdw ghfuhdvhv lq rxwsxw duh rewdlqhg sduwo|
wkurxjk d uhgxfwlrq lq zrunlqj krxuv/ dqg sduwo| e| od|lqj r￿ zrunhuv1 Lw lv
vkrzq wkdw wkh vrfldo zhoiduh ixqfwlrq h{klelwv suxghqfh +s￿￿￿ E￿￿ : f,/ hyhq
li fhuwdlqw| htxlydohqfh suhydlov dw wkh lqglylgxdo ohyho1
Wkh rswlpdo srolf| iru wkh fhqwudo edqn lv wr pd{lpl}h +5, vxemhfw wr +4,





Wkh vhfrqg rughu frqglwlrq iru d pd{lpxp lv vdwlv￿hg e| frqfdylw| ri s E￿￿1





2s￿￿ E+ ￿ 7 +￿
k ￿w
2s￿￿ E+ ￿ 7 +￿
: f￿ +7,
Wklv vkrzv wkdw wkh prgho fdswxuhv uhsxwdwlrq h￿hfwv1 Lw dovr phdqv wkdw
wkh rxwfrphv iru vwdwlf dqg g|qdplf jdphv frxog gl￿hu/ ghshqglqj rq wkh
lqirupdwlrq vwuxfwxuh1 Lq wkh suhvhqfh ri xqfhuwdlqw| derxw wkh fhqwudo edqn*v
w|sh/ wkhuh lv dq rssruwxqlw| wr hqjdjh lq uhsxwdwlrq0exloglqj1 Krzhyhu/ iru
wkh sxusrvh ri wklv sdshu lw vx!fhv wr uhvwulfw rxuvhoyhv wr wkh vwdwlf prgho1
Uhjduglqj wkh sxeolf*v lqirupdwlrq vhw l/ wzr fdvhv zloo eh dqdo|}hg= +l,
shuihfw lqirupdwlrq lq vhfwlrq 6> dqg +ll, dv|pphwulf lqirupdwlrq derxw wkh
vxsso| vkrfn lq vhfwlrq 71
;6 Shuihfw Lqirupdwlrq
Iluvw/ ohw xv frqvlghu wkh fdvh ri shuihfw lqirupdwlrq1 Dowkrxjk wklv pd| qrw
eh d uhdolvwlf dvvxpswlrq/ lw surylghv d xvhixo ehqfkpdun1 Pruh irupdoo|/ lw lv
dvvxphg wkdw wkh pdunhw*v lqirupdwlrq vhw htxdov l￿ ￿ i0cZWc+Wc7 +cj2
0cwckcsE￿￿j1
Lq wkh suhvhqfh ri shuihfw lqirupdwlrq/ udwlrqdo h{shfwdwlrqv lpso| Ze ’ Z1







Dq lpsruwdqw fkdudfwhulvwlf lv wkdw lq dwlrq lv ghfuhdvlqj dqg frqyh{ lq wkh
vxsso| vkrfn 01 Wkh frqyh{lw| fuxfldoo| ghshqgv rq s￿￿￿ E0￿ : f1 Lqwxlwlyho|/
vlqfh rxwsxw orvvhv kdyh d odujhu lpsdfw rq fhqwudo edqn remhfwlyhv wkdq rxw0
sxw jdlqv/ wkh whpswdwlrq wr fuhdwh lq dwlrq ghfuhdvhv lq wkh uhdo glvwxuedqfh
01 Wkh pdujlqdo glvxwlolw| ri qhjdwlyh vxsso| vkrfnv lqfuhdvhv glvsursruwlrq0
dwho| zkhq uhdo vkrfnv ehfrph pruh qhjdwlyh/ vr wkh fhqwudo edqn*v lqfhqwlyh
wr lq dwh ulvhv fruuhvsrqglqjo|1 Wkh rxwfrphv iru wkh olqhdu dqg txdgudwlf
remhfwlyh ixqfwlrqv iroorz dv vshfldo fdvhv ri +8,16
Lw lv vwudljkwiruzdug wr vhh wkdw wkhuh lv d srvlwlyh uhodwlrqvkls ehwzhhq
dyhudjh lq dwlrq dqg wkh yduldqfh ri lq dwlrq iurp +8,1 Vxssrvh wkh hfrqrp|
lv klw e| qhjdwlyh vkrfnv zlwk phdq 0u ￿ f dqg yduldqfh j2
01 Wkhq wkh phdq
ri lq dwlrq zloo eh kljk/ ehfdxvh Z￿ lv ghfuhdvlqj lq 0/ dqg wkh yduldqfh ri
lq dwlrq zloo eh kljk/ gxh wr frqyh{lw| ri Z￿1 Zkhq wkh hfrqrp| h{shulhqfhv
srvlwlyh vkrfnv zlwk phdq 0M : f dqg wkh vdph yduldqfh j2
0/ wkhq erwk wkh
dyhudjh ohyho dqg yduldqfh ri lq dwlrq zloo eh orz1
Krzhyhu/ wkhuh lv dq dgglwlrqdo phfkdqlvp wkdw iroorzv iurp frqyh{lw|
ri Z￿ exw wkdw grhv qrw uho| rq gl￿huhqfhv lq wkh phdq ri vxsso| vkrfnv1
Lqvwhdg/ lw irfxvhv rq yduldwlrq lq wkh yduldqfh ri vxsso| vkrfnv1 Lq sduwlfxodu/
frqyh{lw| ri Z￿ lpsolhv wkdw wkh h{shfwhg ydoxh ri lq dwlrq lv lqfuhdvlqj lq
wkh yduldqfh ri vxsso| vkrfnv/ j2
01 Ixuwkhupruh/ wkh yduldqfh ri lq dwlrq lv
6Iru wkh olqhdu ixqfwlrq i+| ￿ ￿ |,@￿ + |￿￿ | , /￿ S @￿ ￿.
￿￿
￿ 1 Iru wkh txdgudwlf fdvh lq
zklfk i+| ￿ |￿,@￿ 4
5￿+ |￿| ￿,
5/￿ S @￿ ￿.
￿￿




0 e| prqrwrqlflw| ri Z￿1 Wkhuhiruh/ wkhuh h{lvwv d srvlwlyh
uhodwlrqvkls ehwzhhq wkh dyhudjh ohyho dqg wkh yduldqfh ri lq dwlrq1 Wklv
fruuhvsrqghqfh lv qrqfdxvdo> lw phuho| uh hfwv wkh frpprq ghshqghqfh rq
wkh yduldqfh ri vxsso| vkrfnv1
Dowhuqdwlyho|/ d srvlwlyh uhodwlrq ehwzhhq wkh phdq dqg yduldqfh ri lq0
 dwlrq iroorzv iurp wkh frpprq ghshqghqfh rq wkh frh!flhqwv k dqg2ru w1
Iru h{dpsoh/ dq lqfuhdvh lq k zloo uhgxfh erwk ,dZ￿o dqg V@h dZ ￿ o1
Wr lqyhvwljdwh wkhvh uhodwlrqvklsv txdqwlwdwlyho|/ dssur{lpdwh h{suhvvlrqv
iru ,dZ￿o dqg V@h dZ ￿ o zloo eh ghulyhg1 Wdnlqj d vhfrqg0rughu Wd|oru dssur{0

































Qrwlfh wkdw wkhuh pd| eh dq lq dwlrqdu| eldv ri glvfuhwlrqdu| prqhwdu|
srolf|1 Hyhq li wkhuh lv d eolvv srlqw lq wkh rxwsxw remhfwlyh dw + ’7 +vr
wkdw s￿ Ef￿ ’ f/ wkh qrqolqhdu lq dwlrq uhvsrqvh zloo lqgxfh dq dyhudjh eldv
+,dZ￿o :Z W, wkdw lv ghfuhdvlqj lq wkh ghjuhh ri fhqwudo edqn lqghshqghqfh
k/ exw lqfuhdvlqj lq wkh fxuydwxuh ri wkh lq dwlrq uhvsrqvh s ￿￿￿ Ef￿ dqg wkh
yduldqfh ri vxsso| vkrfnv j2
01 Li wkh rxwsxw remhfwlyh lv +orfdoo|, lqfuhdvlqj vr
wkdw s￿ Ef￿ : f/ wkhq wkhuh zloo eh dq dgglwlrqdo lq dwlrqdu| eldv17 Htxdwlrq
+:, dovr vkrzv wkdw dq lqfuhdvh lq wkh yduldqfh ri vxsso| vkrfnv j2
0 lqfuhdvhv
h{shfwhg lq dwlrq> wklv iroorzv gluhfwo| iurp wkh frqyh{lw| ri Z￿1
Wkh yduldqfh ri lq dwlrq htxdov
V@h dZ￿ o’,
k























7Wkh odwwhu lv dovr wkhuhdvrq iru wkh lq dwlrqdu| eldv lq wkh olqhdu fdvh dqg wkh txdgudwlf
zlwk |￿ A ￿ |1
43xvlqj +9, dqg +:,1 Dvvxplqj wkdw 0 ￿ ￿ Efcj 2
0￿ vr wkdw ,d0￿o’fdqg
,d0eo’￿ j e


















Vxssrvh wkh yduldwlrq lq lq dwlrq dqg lwv yduldqfh +ryhu wlph ru dfurvv frxq0
wulhv, lv gxh wr
￿ yduldwlrq lq j2
0= Vroylqj +:, iru j2
0 dqg vxevwlwxwlqj lqwr +;, |lhogv
























￿ yduldwlrq lq k ru w= Vroylqj +:, iru w*k dqg vxevwlwxwlqj lqwr +;, |lhogv






















￿ yduldwlrq lq s E￿￿1 Lq jhqhudo/ lw lv qrw srvvleoh wr ghulyh dq dqdo|wlfdo
h{suhvvlrq1 Krzhyhu/ iru wkh fdvh lq zklfk s E%￿’￿ ￿
qe 3 q% n ￿%n ￿
q
rqh fdq vroyh +:, iru q dqg vxevwlwxwh lw lqwr +;, wr jhw8



















Khqfh/ lq hdfk fdvh/ wkh yduldqfh ri lq dwlrq lv srvlwlyh +dqg frqyh{,
lq dyhudjh lq dwlrq1 Qrwlfh wkdw wkh uhodwlrqvkls lv lqfuhdvlqj lq doo fdvhv
ehfdxvh , dZ￿o :Z ￿Ef￿1
7 Dv|pphwulf Lqirupdwlrq
Qrz/ ohw xv frqvlghu wkh fdvh ri dv|pphwulf lqirupdwlrq1 Lq sduwlfxodu/ dv0
vxph wkdw wkh sxeolf lv qrw deoh wr revhuyh wkh vxsso| vkrfn 0 zkhq wkh
8Qrwh wkdw yduldwlrq lq ￿ rqo| d￿hfwv dyhudjh lq dwlrq/ dqg vr lw grhv qrw |lhog dq|
dvvrfldwlrq ehwzhhq wkh phdq dqg yduldqfh1
44lq dwlrq h{shfwdwlrqv Ze duh iruphg1 Wklv frxog eh d frqvhtxhqfh ri wkh
wlplqj ri hyhqwv/ iru lqvwdqfh zkhq wkh pdunhw hpehgv lwv h{shfwdwlrqv Ze
lq qrplqdo frqwudfwv zhoo ehiruh wkh fhqwudo edqn dfwv1 Dowhuqdwlyho|/ wkh
lqirupdwlrq dv|pphwu| frxog uhvxow iurp wkh gholehudwh zlwkkroglqj ri lq0
irupdwlrq derxw hfrqrplf gdwd e| wkh fhqwudo edqn1 Irupdoo|/ lw lv dvvxphg
wkdw l’l ￿qi0j1
Lq wkh suhvhqfh ri dv|pphwulf lqirupdwlrq derxw wkh vxsso| vkrfn/ shuihfw
iruhvljkw qr orqjhu suhydlov dqg Ze pd| ghyldwh iurp Z1 Wkh ￿uvw rughu
frqglwlrq +6, uhyhdov wkdw wkhuh lv qr forvhg irup vroxwlrq iru wkh ohyho ri
lq dwlrq Z￿ xqghu dv|pphwulf lqirupdwlrq1 Iruwxqdwho|/ lw lv vwloo srvvleoh
wr ghulyh pdmru uhvxowv dqdo|wlfdoo|1
Dq lpsruwdqw frqvhtxhqfh ri dv|pphwulf lqirupdwlrq lv wkdw lq dwlrq
h{shfwdwlrqv Ze duh lqghshqghqw ri wkh uhdol}dwlrq ri wkh vxsso| vkrfn 01
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￿ f￿






2s￿￿ E+￿ ￿ 7 +￿
￿
Fohduo|/ f ￿_ + ￿ *_0 ￿ ￿> prqhwdu| srolf| vwdelol}hv rxwsxw dv wkh vxsso|
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2s￿￿ E+￿ ￿ 7 +￿
l￿ : f￿
Vr/ +￿ ￿ 7 + lv lqfuhdvlqj dqg frqyh{ lq wkh vxsso| vkrfn 0/ dqg +￿ ￿ 7 + $4
dv 0 $4 1 Ixuwkhupruh/
_2Z￿
_02 ’
k2ws￿￿￿ E+￿ ￿ 7 +￿
k
k ￿w
2s￿￿ E+￿ ￿ 7 +￿
l￿ : f￿
Khqfh/ Z￿ lv ghfuhdvlqj dqg frqyh{ lq 0/ dqg lw iroorzv iurp +6, wkdw ￿?u Z￿ ’
ZWn
w
k￿1 Dv d frqvhtxhqfh/ +￿ frqyhujhv wr dq dv|pswrwh zlwk vorsh rqh dqg






dv 0 $4 1 Dvvxplqj udwlrqdo h{shfwdwlrqv/
Ze ’ , dZ￿o :Z ￿Ef￿ :Z Wnw
k￿e| frqyh{lw| ri Z￿1 Xvlqj +4,/ wklv dovr
lpsolhv wkdw +￿ Ef￿ ￿ 7 +1 Vr/ rxwsxw lv ehorz wkh qdwxudo udwh zkhq wkh
vxsso| vkrfn htxdov }hur1 Krzhyhu/ rq dyhudjh rxwsxw htxdov wkh qdwxudo
udwh vlqfh udwlrqdo h{shfwdwlrqv dqg +4, lpso| , d+￿o’7 + 1









Asymmetric Information    
Perfect Information       
Iljxuh 5= Lq dwlrq xqghu shuihfw dqg dv|pphwulf lqirupdwlrq1
Wkh vkdshv ri wkh lq dwlrq dqg rxwsxw uhvsrqvhv duh looxvwudwhg lq ￿j0
xuhv 5 dqg 619 Wkh fruuhvsrqglqj rxwfrphv xqghu shuihfw lqirupdwlrq duh
lqfoxghg dv zhoo1 Fohduo|/ wkhuh lv d qhjdwlyh/ frqyh{ uhodwlrq ehwzhhq lq d0
wlrq Z dqg uhdo glvwxuedqfhv 01 Wkh uhodwlrq lv qhjdwlyh ehfdxvh wkh fhqwudo
edqn dgmxvwv lq dwlrq lq dq dwwhpsw wr vwdelol}h rxwsxw1 Vlqfh rxwsxw orvvhv
9Wkh vshfl￿fdwlrq lv i+{,@￿ h ￿ ￿{ . ￿{ .4dqg lw lv dvvxphg wkdw % kdv d qrupdo
glvwulexwlrq1 Wkh sdudphwhuv duh ￿ @ ￿ @4 /￿@￿ ￿@4 @ 5 /￿ 5
%@4 /￿ ￿@4dqg ￿ | @ 4331
Gl￿huhqw ydoxhv jlyh vlplodu vkdshv1 Vwrfkdvwlf vlpxodwlrqv jdyh wkh fruuhvsrqglqj ohyho
ri ￿h @4 = 35< +txlwh forvh wr 4=365/ wkh dqdo|wlfdo dssur{lpdwlrq lq +43,,1
46fduu| pruh zhljkw wkdq rxwsxw jdlqv/ wkh fhqwudo edqn*v uhvsrqvh wr vkrfnv
lv dv|pphwulf1 Lw lqfuhdvhv wkh ohyho ri lq dwlrq pruh lq uhvsrqvh wr xqidyru0
deoh vkrfnv/ jlylqj ulvh wr wkh frqyh{ vkdsh1 Ixuwkhupruh/ ￿jxuh 5 uhyhdov
wkdw wkh lq dwlrq rxwfrph lq wkh fdvh ri shuihfw lqirupdwlrq vkrzv vwurqjhu
fxuydwxuh1 Wklv lv gxh wr wkh dqwlflsdwlrq ri vxsso| vkrfnv xqghu udwlrqdo
h{shfwdwlrqv1 Lqwxlwlyho|/ srvlwlyh vkrfnv ghfuhdvh lq dwlrq h{shfwdwlrqv xq0
ghu shuihfw lqirupdwlrq/ zklfk jlyhv ulvh wr orzhu lq dwlrq wkdq lq wkh fdvh
ri dv|pphwulf lqirupdwlrq1 Iru qhjdwlyh vkrfnv/ krzhyhu/ shuihfw lqirupd0
wlrq udlvhv lq dwlrq h{shfwdwlrqv dqg wkhuhe| surgxfhv kljkhu lq dwlrq wkdq
dv|pphwulf lqirupdwlrq1:










Asymmetric Information    
Perfect Information       
Iljxuh 6= Rxwsxw xqghu shuihfw dqg dv|pphwulf lqirupdwlrq1
Iljxuh 6 vkrzv krz rxwsxw + lv d￿hfwhg e| vxsso| vkrfnv1 Lq wkh fdvh ri
:Vwulfwo| vshdnlqj/ wklv lv rqo| wuxh iru %?￿ % / zkhuh ￿ % lv gh￿qhg e| ￿S +￿ %, ￿ ￿D +￿ %,1
Qrwh wkdw +6, dqg udwlrqdo h{shfwdwlrqv lpso| wkdw ￿D +￿ %,@￿ h
D@H^ ￿ D‘A￿ D+3,1 Khqfh/
￿ % lv xqltxh dqg vdwlv￿hv ￿ %?3 1
47shuihfw lqirupdwlrq/ rxwsxw vwdelol}dwlrq lv lqh￿hfwlyh ehfdxvh shrsoh dqwlf0
lsdwh wkh fhqwudo edqn*v srolf|1 Zlwk dv|pphwulf lqirupdwlrq/ orzhu ohyhov
ri 0 lqgxfh juhdwhu vwdelol}dwlrq h￿ruwv/ wkhuhe| jlylqj ulvh wr wkh frqyh{
vkdsh1 Wkh uhgxfwlrq lq rxwsxw iru srvlwlyh uhdo glvwxuedqfhv lv wkh vdful￿fh
wkh fhqwudo edqn qhhgv wr pdnh wr hqdeoh rxwsxw vwlpxodwlrq iru qhjdwlyh
vkrfnv/ ehfdxvh udwlrqdo h{shfwdwlrqv irufh rxwsxw wr htxdo lwv qdwxudo udwh
rq dyhudjh1
Iroorzlqj wkh vdph dujxphqw dv xqghu shuihfw lqirupdwlrq/ prqrwrqlflw|
dqg frqyh{lw| ri Z￿ jlyh ulvh wr d srvlwlyh uhodwlrqvkls ehwzhhq wkh dyhudjh
ohyho dqg yduldqfh ri lq dwlrq zkhq wkhuh lv yduldwlrq lq wkh phdq ru yduldqfh
ri vxsso| vkrfnv1 Revhuyh wkdw wkh wzr nh| surshuwlhv ri Z￿ gr qrw ghshqg rq
wkh ohyho ri Ze1 Khqfh/ wkh srvlwlyh uhodwlrq ehwzhhq lq dwlrq dqg lwv yduldwlrq
krogv uhjdugohvv ri wkh zd| lq dwlrq h{shfwdwlrqv duh iruphg/ zkhwkhu wkhuh
duh udwlrqdo h{shfwdwlrqv/ dgdswlyh h{shfwdwlrqv ru vrph uxoh0ri0wkxpe1
Djdlq/ dssur{lpdwh h{suhvvlrqv fdq eh ghulyhg iru wkh h{shfwhg ydoxh
dqg wkh yduldqfh ri lq dwlrq dvvxplqj wkdw 0 ￿ ￿ Efcj 2
0￿1 Lq wkh fdvh ri






￿E + ￿￿7 + ￿o￿
Wdnlqj d vhfrqg0rughu Wd|oru dssur{lpdwlrq ri Z￿ E0￿ durxqg 0 ’fxvlqj








































Frpsdulqj wklv wr +:,/ lw dsshduv wkdw ,dZ￿o ￿ ,dZ￿o> lq wkh fdvh ri
dv|pphwulf lqirupdwlrq/ wkh h{shfwhg ohyho ri lq dwlrq lv orzhu wkdq zlwk
;Vlpxodwlrqv iru i+{,@￿ h ￿ ￿{ .￿{.4dqg d qrupdo glvwulexwlrq lqglfdwh wkdw wklv
dssur{lpdwlrq lv txlwh dffxudwh1
48shuihfw lqirupdwlrq1 Iljxuh 5 lqglfdwhv wkdw wklv lv gulyhq e| wkh uhodwlyho|
orz ohyhov ri lq dwlrq xqghu dv|pphwulf lqirupdwlrq zkhq wkh hfrqrp| lv
klw e| qhjdwlyh vxsso| vkrfnv1 Htxdwlrq +43, dovr uhyhdov wkdw wkh dyhudjh
lq dwlrqdu| eldv/ , dZ￿o ￿ ZW/ lv ghfuhdvlqj lq wkh ghjuhh ri fhqwudo edqn
lqghshqghqfh/ k/ dqg lqfuhdvlqj lq wkh vorsh ri wkh remhfwlyh ixqfwlrq/ s￿ Ef￿/
wkh fxuydwxuh ri wkh lq dwlrq uhvsrqvh/ s￿￿￿ Ef￿/ dqg wkh yduldqfh ri vxsso|
vkrfnv j2
01
Dv ehiruh/ h{shfwhg lq dwlrq lqfuhdvhv zlwk wkh yduldqfh ri vxsso| vkrfnv1
Djdlq/ lw klqjhv rq s￿￿￿ Ef￿ : f1 Lq frqwudvw wr wkh fdvh ri shuihfw lqirupdwlrq/
krzhyhu/ wkhuh duh qrz wzr h￿hfwv dw zrun= Iru jlyhq lq dwlrq h{shfwdwlrqv/
h{shfwhg lq dwlrq lqfuhdvhv zlwk wkh yduldqfh ri vxsso| vkrfnv gxh wr frq0
yh{lw| ri Z￿ E0￿1 Lq dgglwlrq/ wklv udlvhv Ze/ wkhuhe| lqfuhdvlqj wkh ohyho ri
lq dwlrq iru dq| vxsso| vkrfn 01 Wkh pdjqlwxgh ri wklv ohyho h￿hfw fdq eh
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Wklv ohyho h￿hfw lv ghfuhdvlqj lq 0 dqg lw jrhv wr f dv 0 $4 1 Wkxv/ wkh
yduldqfh ri vxsso| vkrfnv j2
0 pdwwhuv qrw rqo| iru dyhudjh lq dwlrq/ exw dovr
iru wkh ohyho ri lq dwlrq jlyhq dq| vxsso| vkrfn 01 Dv d uhvxow/ d uhgxfwlrq lq
wkh yduldqfh ri vxsso| vkrfnv/ h1j1 wkurxjk h{fkdqjh udwh vwdelol}dwlrq/ zloo
ohdg wr d ghfuhdvh lq wkh ohyho ri lq dwlrq1
Xvlqj +<, dqg +43,/ wkh yduldqfh ri lq dwlrq htxdov
V@h dZ ￿o’,
k
























Vxssrvh wkh yduldwlrq lq lq dwlrq dqg lwv yduldqfh +ryhu wlph ru dfurvv frxq0
wulhv, lv gxh wr
￿ yduldwlrq lq j2
0= Vroylqj +43, iru j2
0 dqg vxevwlwxwlqj lqwr +44, |lhogv


























￿ yduldwlrq lq k/ w/r usE ￿ ￿ = Lw lv qrw srvvleoh wr ghulyh forvhg0irup h{0
suhvvlrqv1 Exw/ vlpxodwlrqv vxjjhvw wkdw d srvlwlyh dvvrfldwlrq whqgv wr
krog1
Khqfh/ xqghu dv|pphwulf lqirupdwlrq wkhuh zloo dovr eh d srvlwlyh uhod0
wlrqvkls ehwzhhq wkh yduldqfh dqg wkh phdq ri lq dwlrq1
8H { whqvlrqv
Wkh prgho suhvhqwhg deryh fdq hdvlo| eh h{whqghg wr pruh uhdolvwlf vhw0
wlqjv1 Iru h{dpsoh/ wkh fhqwudo edqn lv suredeo| qrw deoh wr iruhfdvw vkrfnv
shuihfwo|1 Lqwurgxflqj fhqwudo edqn iruhfdvw huuruv wr wkh dv|pphwulf lqiru0
pdwlrq fdvh jlyhv ulvh wr vrph lqwhuhvwlqj dgglwlrqdo uhvxowv1 Lq sduwlfxodu/
ehwwhu iruhfdvwlqj e| wkh fhqwudo edqn jlyhv ulvh wr orzhu lq dwlrq iru d jlyhq
ohyho ri lq dwlrq h{shfwdwlrqv> djdlq/ wklv lv gxh wr wkh frqyh{lw| ri lq dwlrq
lq uhvsrqvh wr vxsso| vkrfnv1 Xqghu udwlrqdo h{shfwdwlrqv/ wkh uhgxfwlrq lq
lq dwlrq zloo eh uhlqirufhg e| d srvlwlyh uhsxwdwlrq h￿hfw1 Wklv frxog h{sodlq
zk| fhqwudo edqnv whqg wr lqyhvw lq d odujh vwd￿ ri hfrqrplvwv wr surgxfh
vxshulru iruhfdvwv1 Ixuwkhupruh/ wkh prgho vxjjhvwv wkdw wklv ehqh￿w zrxog
eh uhgxfhg li wkh fhqwudo edqn iruhfdvwv duh vkduhg zlwk wkh sulydwh vhfwru
dqg lqfrusrudwhg lqwr lq dwlrq h{shfwdwlrqv1 Wkxv/ lw zrxog eh ehwwhu wr
nhhs wkrvh iruhfdvwv vhfuhw1 Wklv frxog surylgh d uhdvrq zk| pdq| fhqwudo
edqnv gr qrw sxeolvk wkhlu hfrqrplf iruhfdvwv1<
Wkh ehqh￿fldo h￿hfw ri pruh dffxudwh fhqwudo edqn iruhfdvwv dovr frxog
surylgh dq h{sodqdwlrq iru wkh judgxdolvp wkdw lv fkdudfwhulvwlf ri prqhwdu|
srolf|1 Prylqj vpdoo vwhsv/ rqh dw d wlph/ doorzv wkh fhqwudo edqn wr rewdlq
pruh dffxudwh iruhfdvwv dqg ￿qh0wxqh lwv srolf| ixuwkhu1
<Iru lqvwdqfh/ wkh Ihghudo Uhvhuyh iruhfdvwv xvhg e| wkh IRPF duh sxeolvkhg lq wkh
￿Juhhq Errn￿/ exw lw lv rqo| uhohdvhg diwhu ￿yh |hduv1
4:Dqrwkhu lpsolfdwlrq ri wkh prgho lv wkdw iru d v|pphwulf/ xqlprgdo glv0
wulexwlrq ri wkh vxsso| vkrfnv 0/ lq dwlrq zloo kdyh d glvwulexwlrq wkdw lv
srvlwlyho| vnhzhg1 Wklv kdv dq lpsruwdqw lpsolfdwlrq iru wkh ghvljq ri prq0
hwdu| srolf| wdujhwv1 Fhqwudo edqnv wkdw dgrsw d v|pphwulf lq dwlrq wdujhw
fhqwhuhg durxqg wkh phgldq ru prgh ri lq dwlrq duh pruh olnho| wr ryhuvkrrw
wkdq wr xqghuvkrrw wkhlu wdujhw1 Wklv frxog kdyh d qhjdwlyh lpsdfw rq wkh
fuhglelolw| ri wkh wdujhw dqg wkhuhe| wkh uhsxwdwlrq ri wkh fhqwudo edqn1 Lq0
vwhdg/ dq dv|pphwulf lqwhuydo zlwk pruh urrp rq wkh xsvlgh zrxog ryhufrph
wklv sureohp1 Xvlqj wkh phgldq lqvwhdg ri wkh prgh dv d irfdo srlqw kdv
wkh dgydqwdjh wkdw lq dwlrq zloo eh uljkw rq wdujhw lq wkh devhqfh ri vxsso|
vkrfnv dqg xqdqwlflsdwhg ghpdqg vkrfnv/ uhtxlulqj qr ixuwkhu h{sodqdwlrqv
e| wkh fhqwudo edqn1 Li d v|pphwulf lq dwlrq wdujhw lv fhqwhuhg durxqg wkh
h{shfwhg ydoxh ri lq dwlrq/ wkhq wkh fhqwudo edqn lv pruh olnho| wr xqghuvkrrw
lwv wdujhw1 Wklv pd| fuhdwh wkh lpsuhvvlrq wkdw prqhwdu| srolf| lv h{fhvvlyho|
uhvwulfwlyh1 Dq dv|pphwulf wdujhw zrxog qrw khos lq wklv fdvh/ ehfdxvh lq0
 dwlrq zloo eh ehorz wkh irfdo srlqw/ ,dZo/ prvw ri wkh wlph1 Wkhuhiruh/ wkh
rswlpdo lq dwlrq wdujhw zrxog eh vlplodu wr d frq￿ghqfh lqwhuydo iru lq dwlrq/
zlwk wkh phgldq dv irfdo srlqw dqg dq dv|pphwulf lqwhuydo eldvhg wrzdugv
kljkhu ohyhov ri lq dwlrq1
Rwkhu lqwhuhvwlqj wkhruhwlfdo h{whqvlrqv zrxog eh xqfhuwdlqw| derxw wkh
fhqwudo edqn*v jrdov dqg wkh h￿hfw ri uhsxwdwlrq lq d g|qdplf frqwh{w1 Wkhvh
zloo eh ohiw iru ixwxuh uhvhdufk1
9 Frqfoxglqj Uhpdunv
Wklv sdshu lqwurgxfhv dq dowhuqdwlyh remhfwlyh ixqfwlrq iru prqhwdu| srolf|
wkdw h{klelwv suxghqfh1 Lw surylghv dq h{sodqdwlrq iru wkh srvlwlyh uhodwlrq
ehwzhhq lq dwlrq dqg lwv yduldwlrq dfurvv frxqwulhv1 Krzhyhu/ lw vkrxog eh
hpskdvl}hg wkdw wklv lv e| qr phdqv wkh rqo| wkhruhwlfdo h{sodqdwlrq1 Wklv
uhodwlrqvkls lv dovr suhglfwhg e| rwkhu prghov/ lqfoxglqj Fxnlhupdq +4<<5,
zkr hpskdvl}hv wkh lpsruwdqfh ri wkh ghjuhh ri fhqwudo edqn lqghshqghqfh1
4;Lq idfw/ lw dovr krogv iru wkh prgho lq wklv sdshu exw zlwk d txdgudwlf remhf0
wlyh ixqfwlrq/ ‘ ’ ￿￿
2kEZ ￿ ZW￿
2 ￿ ￿
2q E+ ￿ +W￿
2/ surylghg wkh wdujhw ohyho
+W h{fhhgv wkh qdwxudo udwh 7 +/ ehfdxvh erwk wkh phdq dqg yduldqfh ri lq0
 dwlrq ghshqg qhjdwlyho| rq k1 Exw/ wkh h{sodqdwlrq lq wklv sdshu kdv wkh
dgydqwdjh wkdw lw dssolhv pruh jhqhudoo|1 Lq frqwudvw wr wkh rwkhu rqhv/ lw
ghshqgv qhlwkhu rq pdunhw idloxuhv wkdw fdxvh +W : 7 +/ qru rq dv|pphwulhv lq
lqirupdwlrq/ qru rq udwlrqdo h{shfwdwlrqv1
Lq oljkw ri wkh h{whqvlyh hpslulfdo hylghqfh rq wkh srvlwlyh uhodwlrqvkls
ehwzhhq wkh dyhudjh ohyho dqg vwdqgdug ghyldwlrq ri lq dwlrq dfurvv frxq0
wulhv +h1j1 Rnxq +4<:4,/ Orjxh dqg Zloohww +4<:9,/ Jdoh +4<;4,/ Orjxh dqg
Vzhhqh| +4<;4,/ Kdihu dqg Kh|qh0Kdihu +4<;4,/ Udp +4<;8,/ dqg Fkrzgkxu|
+4<<4,,/ lw zrxog eh lqwhuhvwlqj wr lqyhvwljdwh zkhwkhu wklv fdq eh dwwulexwhg
wr fhqwudo edqn lqghshqghqfh/ zdjh lqgh{dwlrq/ srolwlfdo lqvwdelolw|/ ru wkh
suxghqw prqhwdu| remhfwlyh ixqfwlrq suhvhqwhg lq wklv sdshu1 Wklv zloo eh
wkh wrslf ri p| ixwxuh uhvhdufk1
Pruhryhu/ wkh prgho lq wklv sdshu suhglfwv wkdw ryhu wlph/ kljk +orz,
lq dwlrq whqgv wr eh pruh yduldeoh +vwdeoh,1 Wklv frxog fdswxuh wkh gl￿huhqfh
lq wkh ehkdylru ri lq dwlrq lq wkh 4<:3v dqg wkh 4<<3v1 Lq wkdw vhqvh/ wkhuh
lv qr cqhz hfrqrp|*/ frqwudu| wr fodlpv lq wkh srsxodu suhvv1 Wkh cqhz hud*
ri orz dqg vwdeoh lq dwlrq phuho| uh hfwv wkh rswlpdo uhvsrqvh wr vkrfnv e|
suxghqw fhqwudo edqnhuv1
4<D Dsshqgl{= Plfurirxqgdwlrqv iru wkh Fhq0
wudo Edqn*v Remhfwlyh Ixqfwlrq
Ohw xv frqvlghu wkh fdvh lq zklfk wkh fhqwudo edqn lv iuhh iurp srolwlfdo
lq xhqfh dqg pd{lpl}hv vrfldo zhoiduh/ dqg surylgh d mxvwl￿fdwlrq iru wkh
xvh ri dq remhfwlyh ixqfwlrq iru prqhwdu| srolf| wkdw h{klelwv suxghqfh lq
rxwsxw +s￿￿￿ E￿￿ : f,1 Wkh plfurirxqgdwlrqv iru wkh sduwldo vrfldo zhoiduh
ixqfwlrq iru rxwsxw fdq eh rewdlqhg iurp wkh iroorzlqj uxglphqwdu| prgho1
Iru dqdo|wlfdo frqyhqlhqfh/ vxssrvh wkdw wkhuh lv d frqwlqxxp ri lqglylg0
xdov ￿ 5 dfc￿o1 Lqglylgxdo ￿ frqvxphv S￿/ vxssolhv oderu ,￿/ dqg hqmr|v xwlolw|
￿ES￿c, ￿￿/ zkhuh Y￿ESc,￿*YS : f/ Y2￿ESc,￿*YS2 ￿ f/ Y￿￿ESc,￿*YS￿ ￿ f/d q g
Y￿ESc,￿*Y, ￿ f/ Y2￿ESc,￿*Y,2 ￿ f> iru vlpsolflw| lw lv dvvxphg wkdw ￿ESc,￿
lv dgglwlyho| vhsdudeoh1 Hdfk lqglylgxdo ￿ lv vxemhfw wr wkh exgjhw frqvwudlqw
S￿ ’ ￿,￿/ wkh wlph frqvwudlqw ,￿ ￿ ,6@%/ dqg wkh qrqqhjdwlylw| frqvwudlqwv
S￿ ￿ f dqg ,￿ ￿ f/ zkhuh ￿ lv wkh uhdo zdjh1 Qrupdol}h ￿ ’￿ /, 6@% ’￿dqg
￿Efcf￿ ’ f1 Dvvxph wkhuh lv d frqvwdqw0uhwxuqv0wr0vfdoh surgxfwlrq whfkqro0
rj| iru djjuhjdwh rxwsxw= + ’ ￿
U ￿
f ,￿_￿ +vr/ f ￿ + ￿ ￿,1 Shuihfw frpshwlwlrq
dqg sur￿w pd{lpl}dwlrq lpso| ￿ ’ ￿1 Khqfh/ wkh htxloleulxp frqglwlrq/
+ ’
U ￿
f S￿_￿/ lv dozd|v vdwlv￿hg1 Vxevwlwxwlqj wkh exgjhw frqvwudlqw/ wkh xwlo0
lw| ixqfwlrq uhgxfhv wr ￿ E,￿￿ ￿ ￿E￿,￿c, ￿￿/ zkhuh ￿ E f ￿’f /￿ ￿￿ E,￿ ￿ f dqg wkh
rswlpdo oderu vxsso| ,W vdwlv￿hv ￿￿ E,W￿’f 1 4 3 Wkxv/ rswlpdo rxwsxw htxdov
+W ’ ￿,W1
Vxssrvh wkh oderu pdunhw lv rujdql}hg dv iroorzv1 D shuvrq lv hlwkhu
hpsor|hg ru xqhpsor|hg1 Lqglylgxdov ￿ 5 dfc.o duh hpsor|hg dqg kdyh d
oderu vxsso| ri ,￿ ’ ,e : f1 Iru wkh xqhpsor|hg +li dq|, ￿ 5 E.c￿o/ oderu
vxsso| htxdov ,￿ ’f 1I r u+’+ W / hyhu|rqh lv hpsor|hg +. ’￿ , dqg vxssolhv
wkh rswlpdo dprxqw ri oderu +,e ’ ,W,1 Iru +:+ W/ hyhu| shuvrq zrunv pruh
wkdq rswlpdo wr jhqhudwh wkh lqfuhdvh lq surgxfwlrq +. ’￿dqg ,e :, W,1 Iru
+￿+ W/ wkh ghfolqh lq rxwsxw lv rewdlqhg e| d uhgxfwlrq lq erwk wkh qxpehu
ri zrunhuv +.￿￿ , dqg wkh qxpehu ri krxuv zrunhg e| wkrvh zkr uhpdlq
43Lw lv suhvxphg wkdw wkhuh lv dq lqwhulru vroxwlrq zlwk 3 ?o ￿?4+dqg 3 ?| ￿?D ,1
53hpsor|hg +,e ￿, W ,1 Lq sduwlfxodu/ d iudfwlrq R ri wkh uhodwlyh uhgxfwlrq lq
wkh zrun irufh u ￿ .,e lv uhdol}hg e| od|lqj r￿ zrunhuv/ dqg d iudfwlrq ￿ ￿R
e| fxwwlqj wkh krxuv shu zrunhu/ zkhuh f ￿R￿￿ 1 Pruh suhflvho|/ ￿ . ’ R ￿ u
dqg ￿ ,e ’E ￿￿R ￿￿ u / zkhuh ￿ % ￿ Y%*% ghqrwhv wkh uhodwlyh fkdqjh lq %1D v d
frqvhtxhqfh/ Y.*Yu ’ R*,e dqg Y,e*Yu ’E ￿￿R ￿ *.1
Dvvxph wkh sxuho| xwlolwduldq vrfldo zhoiduh ixqfwlrq ‘ ’
U ￿
f ￿ES￿c, ￿￿_￿/
zklfk uhgxfhv wr ‘ ’ .￿E,e￿1 Vrfldo zhoiduh ‘ ghshqgv lpsolflwo| rq wkh
ohyho ri djjuhjdwh surgxfwlrq + ’ ￿.,e1 Fohduo|/ ‘ lv pd{lpl}hg dw wkh
rswlpdo ohyho ri rxwsxw +W1 Krzhyhu/ vxssrvh wkdw wkh ohyho ri djjuhjdwh rxw0
sxw + ghyldwhv iurp +W/ h1j1 gxh wr exvlqhvv f|fohv ru pdfurhfrqrplf srolf|1
Wkhq/ wkh pdujlqdo h￿hfw rq vrfldo zhoiduh Y‘*Y+ dqg rwkhu surshuwlhv ri
wkh sduwldo vrfldo zhoiduh ixqfwlrq fdq eh hdvlo| ghwhuplqhg1
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zklfk lv srvlwlyh li ￿￿￿￿ E,e￿ : f1
Qh{w/ frqvlghu wkh fdvh lq zklfk +￿+ W 1 Xvlqj Y.*Yu ’ R*,e dqg
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zklfk lv srvlwlyh iru ￿￿￿￿ E,e￿ ￿ f1
Lq wkh vshfldo fdvh lq zklfk R ’f / l1h1 qrerg| lv odlg r￿/ wkh surshu0
wlhv ri ￿E,￿ wudqvodwh lqwr vlplodu surshuwlhv iru ‘1 Vr/ ￿￿￿ E,￿ ￿ f lpsolhv
Y2‘*Y+2 ￿ f/d q g￿ ￿￿￿ E,￿ : f lpsolhv Y￿‘*Y+￿ : f1 Krzhyhu/ hyhq li fhu0
wdlqw| htxlydohqfh suhydlov dw wkh lqglylgxdo ohyho +￿￿￿￿E,e￿’firu doo ,e,/ wkhq
wkh vrfldo zhoiduh ixqfwlrq vwloo ihdwxuhv suxghqfh iru f ￿R￿￿ 1 Iru h{0
dpsoh/ iru wkh txdgudwlf xwlolw| ixqfwlrq ￿E,￿’￿ , 2n2 , W,/Y ￿‘*Y+￿m+￿+W ’
E2 ￿ R￿E￿￿R￿R*￿￿.2,e : f1 Wklv wklug ghulydwlyh lv odujhu iru eljjhu qhjd0
wlyh ghyldwlrqv iurp rswlpdo rxwsxw1 Exw iru srvlwlyh ghyldwlrqv lw lv }hur lq
wklv vshfldo fdvh144
Dovr/ qrwlfh wkdw wkh prgho lpsolhv dq dv|pphwulf pdujlqdo h￿hfw rq
zhoiduh iru ghyldwlrqv iurp +W/ dvvxplqj ￿ E,￿ lv v|pphwulf derxw ,W1 Irupdoo|/
v|pphwu| dprxqwv wr ￿￿￿ E,W n 0￿’￿ ￿E , W￿ 0 ￿iru m0m￿4￿?i,Wc￿ ￿ ,Wj1
Wdnh 0 ’ ,W ￿ ,e : f/v rw k d w, e’, W￿0 1 Wkhq
Y‘
Y+





























￿ ￿ ￿ ￿ ￿ ￿
Y‘
Y+
￿ ￿ ￿ ￿ ￿
+:+W
￿ ￿ ￿ ￿ ￿ ￿
￿
Khqfh/ d qhjdwlyh ghyldwlrq iurp wkh rswlpdo ohyho +W surgxfhv d pdujlqdo
h￿hfw rq zhoiduh wkdw lv eljjhu lq pdjqlwxgh wkdq iru d srvlwlyh ghyldwlrq1
Vlqfh Y‘*Y+ $ f dv + $ +W
n wklv lpsolhv d vrfldo zhoiduh ixqfwlrq wkdw lv
dv|pphwulf= ‘ E+W￿ :‘E + Wn0 ￿:‘E + W￿0 ￿iru 0:f 1 Lq zrugv/ d srvl0
wlyh ghyldwlrq iurp wkh eolvv srlqw +W lv qrw dv edg dv d qhjdwlyh ghyldwlrq145
44Iru wkh olqhdu0h{srqhqwldo sdudphwhul}dwlrq i +{,@￿ h ￿ ￿{ .￿{.4 / wkh ehkdylru ri
i333 +{,@￿
6h ￿ ￿{ lv txlwh vlplodu/ hvshfldoo| zkhq ￿?4 1
4 5Wkh vshfl￿fdwlrq i +{,@￿ h ￿ ￿{ . ￿{.4zlwk ￿ @ ￿￿?3+vr wkdw wkhuh lv d eolvv
srlqw dw { @3 ,/ dovr glvsod|v wkhvh dv|pphwulhv1 +Vhh dovr ￿jxuh 4,1 Wkh dv|pphwu|
ydqlvkhv dv ￿ $ 31
55Uhihuhqfhv
Eduur/ U1 M1 dqg Jrugrq/ G1 E1 +4<;6,/ cD srvlwlyh wkhru| ri prqhwdu| srolf|
lq d qdwxudo udwh prgho*/ Mrxuqdo ri Srolwlfdo Hfrqrp| <4+4,/ 8;<￿9431
Eolqghu/ D1 V1 +4<<:,/ cZkdw fhqwudo edqnhuv frxog ohduq iurp dfdghplfv ￿
dqg ylfh yhuvd*/ Mrxuqdo ri Hfrqrplf Shuvshfwlyhv 44+5,/ 6￿4<1
Fkdgkd/ M1 dqg Vfkhoohnhqv/ S1 +4<<;,/ cXwlolw| ixqfwlrqv iru fhqwudo edqnhuv
0 wkh qrw vr gudvwlf txdgudwlf*1 Glvfxvvlrq Sdshu Qr1 <;4;/ Ghsduwphqw
ri Hfrqrplfv/ Xqlyhuvlw| ri Vrxwkdpswrq1
Fkrzgkxu|/ D1 U1 +4<<4,/ cWkh uhodwlrqvkls ehwzhhq wkh lq dwlrq udwh dqg
lwv yduldelolw|= Wkh lvvxhv uhfrqvlghuhg*/ Dssolhg Hfrqrplfv 56+9,/ <<6￿
43361
Fxnlhupdq/ D1 +4<<5,/ Fhqwudo Edqn Vwudwhj|/ Fuhglelolw|/ dqg Lqghshqghqfh=
Wkhru| dqg Hylghqfh/ PLW Suhvv/ Fdpeulgjh/ Pdvvdfkxvhwwv1
Fxnlhupdq/ D1 dqg Phow}hu/ D1 K1 +4<;9,/ cD wkhru| ri dpeljxlw|/ fuhglelolw|/
dqg lq dwlrq xqghu glvfuhwlrq dqg dv|pphwulf lqirupdwlrq*/ Hfrqrphw0
ulfd 87+8,/ 43<<￿445;1
Ghphwuldghv/ S1 +4<;;,/ cPdfurhfrqrplf dvshfwv ri wkh fruuhodwlrq ehwzhhq
wkh ohyho dqg yduldelolw| ri lq dwlrq*/ Hfrqrplfv Ohwwhuv 59+5,/ 454￿4571
Ghyhuhx{/ P1 +4<;<,/ cD srvlwlyh wkhru| ri lq dwlrq dqg lq dwlrq yduldqfh*/
Hfrqrplf Lqtxlu| 5:+4,/ 438￿4491
Jdoh/ Z1 D1 +4<;4,/ cWhpsrudo yduldelolw| ri xqlwhg vwdwhv frqvxphu sulfh
lqgh{*/ Mrxuqdo ri Prqh|/ Fuhglw/ dqg Edqnlqj 46+6,/ 5:6￿5<:1
Kdihu/ U1 dqg Kh|qh0Kdihu/ J1 +4<;4,/ cWkh uhodwlrqvkls ehwzhhq lq dwlrq
dqg lwv yduldelolw|= Lqwhuqdwlrqdo hylghqfh iurp wkh 4<:3v*/ Mrxuqdo ri
Pdfurhfrqrplfv 6+7,/ 8:4￿8::1
56N|godqg/ I1 H1 dqg Suhvfrww/ H1 F1 +4<::,/ cUxohv udwkhu wkdq glvfuh0
wlrq= Wkh lqfrqvlvwhqf| ri rswlpdo sodqv*/ Mrxuqdo ri Srolwlfdo Hfrqrp|
;8+6,/ 7:6￿7<41
Orjxh/ G1 H1 dqg Vzhhqh|/ U1 M1 +4<;4,/ cLq dwlrq dqg uhdo jurzwk= Vrph
hpslulfdo uhvxowv*/ Mrxuqdo ri Prqh|/ Fuhglw dqg Edqnlqj 46+7,/ 7<:￿
8341
Orjxh/ G1 H1 dqg Zloohww/ W1 G1 +4<:9,/ cD qrwh rq wkh uhodwlrq ehwzhhq wkh
udwh dqg yduldelolw| ri lq dwlrq*/ Hfrqrplfd 76+4:3,/ 484￿48;1
Rnxq/ D1 P1 +4<:4,/ cWkh pludjh ri vwhdg| lq dwlrq*/ Eurrnlqjv Sdshuv rq
Hfrqrplf Dfwlylw| +5,/ 7;8￿7<;1
Udp/ U1 +4<;8,/ cOhyho dqg yduldelolw| ri lq dwlrq= Wlph0vhulhv dqg furvv0
vhfwlrq hylghqfh iurp 44: frxqwulhv*/ Hfrqrplfd 85+539,/ 53<￿5561
57